Recently the writer 1 showed that the mass spectrometric measurements + -on the hydration equilibria for H 3 o and OH could be used to calculate the self-ionization in steam in the region above the critical temperature and at pressures up to maxima increasing from one or two hundred bar near T to a thousand bar near 1000 K. Other thermodynamic properties of c ions in steam were also calculated.
In this paper similar methods are applied to the system NaCl- Gaseous Hydration Equilibria + The thermodynamic properties of gaseous NaCl, Na , and Cl are reasonably well-known. We adopt the values given in the JANAF tables 11
as follows:
The JANAF tables also give entropies and heat capacities and, finally,
Gibbs energy values at various temperatures from which the equilibrium constants can be calculated.
Since these fugacities are all very small they can be approximated by the partial pressuresJbut we retain the symbols fNa+' etc. to distinguish these quantities from the partial pressures in the aqueous system. The enthalpy and Gibbs energy for reaction (1) 
For our purpose we need the sum of the partial pressures of all of the hydrates of a given species. We write
~P:/Pcl- is much smaller, about 0.5 kcal mol , and that value is assumed for further hydration.
The difference in results for models A and B for Na+ gives a measure of the uncertainty arising from extrapolation to high degrees of hydration beyond the level of the directly measured stages.
Since we will be making calculations at temperatures much higher than those of mass spectrometric measurement, the ~C for successive
hydration reactions should be considered. A hydration step converts 3 modes of translation and 3 of rotation into six low frequency vibrational modes in the larger cluster. The torsional modes, especially, will be quite anharmonic. Also one PV term will be lost. Hence, one expects t:.C to be 6(R+ ?)-4 R or substantially in excess of 2 R. For the earlier p calculations on the hydration of H 3 o+ and OH-, the value 3. 5 R was adopted after exploratory calculations with 3 R and 4 R. The value 3.5 R also seems most reasonable theoretically, and it was used in the present calculations.
There are no molecular-level data on hydrates of the ion pair + -Na Cl • One expects the first two or three molecules of water to attach to the Na+ since the enthalpies for Na+ are much greater than for Clfor the first few stages. But the presence, at greater distance, of the negative charge of the Cl-will lower the energy of attachment to Na+ of these first few molecules. Thus a model was set up for the hydration of Na+Cl-in which the decimal fractions in the t:.S and t:.H values for n n + Na were rounded off and then all -t:.H values were reduced by a constant n .
amount.
The partial pressure of aqueous NaCl in equilibrium with the solid is given by p NaCl,aq (11) where fNaCl is the fugacity or vapor pressure of anhydrous NaCl and (SO)
is the sum over the relative pressures for the hydrated species defined in equation (10 Table I .
But at the highest temperature there is still a discrepancy of a factor of 30 from the modified model. Indeed the shape of the Sourirajan curves above 900 K implies an impossibly rapid change in the ~H of hydration.
There are measurements by other investigators for the region of two liquid phases which occurs at higher pressures. The most recent work is 
Results and Discussion
There seems no need to present an extensive tabulation of the absolute values of various thermodynamic properties of Na+, Cl-, and NaCl in steam since any value can easily be obtained as the sum of the absolute value for the anhydrous species in the standard state, as given in the JANAF tables, the correction to the desired pressure, and the change for hydration as calculated from the model defined in Table I . The change in Gibbs energy for hydration of Na+ is
with corresponding equations for Cl-and NaCl. Direct calculation from the model is easy, but for convenience Table II gives an array of these ~G values at the same temperatures as are used in the JANAF tables.
Enthalpies and entropies can be obtained from the temperature derivative of the Gibbs energies, but with decreased precision. A few values for 100 bar total pressure are given in Table III which also includes values for the mean hydration number <n>. 
+
Thus Na (aq) loses just over one water from 800 to 900 K and enthalpy change -1 to the for the is 14 kcal mol which corresponds -t:.H n the larger n values in Table I . (The effects of t:.C should be included p in a more precise calculation.) This implies a heat capacity of about 70 R in the 800 to 900 K interval. This is a very large heat capacity.
Below the critical temperature of water, the partial molal heat capacities of ions are also large but negative. In very approximate terms one may view these large thermal effects in the following manner. Below
Tc it is the hydrogen bonding between water molecules which is breaking up and this yields a large C for water. Since the water in the hydration p shell around an ion is still tightly bound the difference is a negative heat capacity ascribed to the ion. But above T in the'range we are c considering, the water molecules in steam are separate gaseous molecules.
It is now the hydration-shell molecules that are gradually being dissociated from the ion and their dissociation enthalpy contributes the large positive heat capacity ascribed to the ion in this range. Figure 3 shows the Gibbs energy of hydration for the critical pressure, 221 bar, over a wide range of temperature. Also shown is the curve calculated from the Born equation. (12) where R+ and R_ are the radii of the spherical cavities in the dielectric which contain the positive and negative ions, E is the dielectric constant or relative permitivity, £ is the vacuum permitivity and e the protonic 
